SUMMARY: Extramammary Paget's disease (EMPD) is an uncommon neoplasm of the skin that shows differentiation to an apocrine sweat gland. Although we previously showed that erbB-2 overexpression may play a part in the progression of EMPD, molecular genetic defects underlying the development of EMPD are poorly understood. In the study described here, we examined androgen receptor expression and gene alterations in 30 cases of EMPD without internal malignancy. Immunohistochemistry revealed that 24 of 30 (80%) cases of EMPD variably expressed nuclear androgen receptor. Semi-quantitation of receptor content by scoring immunostained sections showed no difference between in situ (n ϭ 17) and invasive (n ϭ 13) EMPD tumors. Androgen receptor expression was also observed in four of six lymph node metastases. In these lymph nodes, expression of androgen receptor mRNA was confirmed by reverse transcriptase-polymerase chain reaction. Direct sequencing of exon 2 through exon 8, which encodes DNA-and hormone-binding domains of the androgen receptor gene, revealed no mutation in any of the 10 advanced stage tumors. Neither amplification nor deletion of the androgen receptor gene locus was detected by dual color fluorescence in situ hybridization analysis in 14 tumors. The present findings showing frequent expression of structurally unaltered androgen receptor in an advanced stage of EMPD may provide a rational basis for hormone therapy, which is widely used in the treatment of metastatic prostate cancer and androgen receptor-positive breast cancer recurrence. (Lab Invest 2000, 80:1465-1471. E xtramammary Paget's disease (EMPD) is an uncommon neoplasm of apocrine gland-bearing skin, that most commonly involves the vulvar, perianal, perineal, scrotal, and penile regions (Heymann, 1993) . Although it is rarely associated with underlying adenocarcinoma, it mostly begins as an intraepidermal adenocarcinoma that can invade the dermis and may metastasize via the lymphatic system (Feuer et al, 1990; Hart and Millman, 1977; Jones et al, 1979; Murata et al, 1999) . The histogenesis of EMPD has long been disputed. Emerging information, however, supports the concepts that Paget's cells in EMPD are of glandular origin, usually showing apocrine differentiation and that the disease may arise from a pluripotential epidermal precursor (Guarner et al, 1989; Mazoujian et al, 1984; Roth et al, 1977) .
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The molecular genetic defects underlying EMPD are poorly understood. We previously showed that erbB-2 overexpression by either gene amplification or transcriptional activation may play a part in the progression of EMPD (Takata et al, 1999) . However, other molecular genetic defects, including p53 mutations, allelic loss of several selected chromosome arms as well as abnormal activation of the ␤-catenin gene, which are commonly seen in other epithelial malignancies, were not detected in EMPD (Takata et al, 1999; Takata et al, 1997) . To explore further the molecular pathogenesis of EMPD, we aimed at examining androgen receptor expression in Paget's cells of EMPD for several reasons. Firstly, tumor cells in EMPD show differentiation to apocrine sweat glands (Guarner et al, 1989) , which normally express androgen receptor (Blauer et al, 1991; Choudhry et al, 1992; Kurata et al, 1990) . Secondly, the androgen receptor is a liganddependent transcriptional factor that regulates tissuespecific genes involved in cellular proliferation and differentiation (Cude et al, 1999) . Thirdly, the action of androgens and other hormones via the androgen receptor is well documented in the development and growth of carcinomas derived from other exocrine glands such as the prostate and the breast (Hackenberg and Schulz, 1996; Kallioniemi and Visakorpi, 1996) . Finally, stimulation of growth by androgen with androgen receptors was actually demonstrated in a transplantable tumor line established in nude mice from human EMPD (Nishi et al, 1992 ). In the study described here, we examined by immunohistochemistry and reverse transcriptase-polymerase chain reaction (RT-PCR) the expression of androgen receptors in 30 cases of EMPD without associated internal malignancy. Furthermore, androgen receptor gene mutation and amplification, both of which were implicated in the progression of prostate cancer (Taplin et al, 1995; Visakorpi et al, 1995) , were examined in selected EMPD tumors.
Results
As expected, immunohistochemical staining of normal axillary skin showed nuclear expression of androgen receptor in secretory cells of apocrine glands, seboblasts, and sebocytes of sebaceous glands, luminal epithelial cells of eccrine sweat glands, smooth muscle cells, and the cells of dermal papillae in hair follicles. Although epidermal basal cells, dermal fibroblasts, and endothelial cells were reported to be positive for androgen receptor in a previous study using polyclonal or monoclonal antibody on frozen tissue sections (Blauer et al, 1991; Choudhry et al, 1992 ), we could not confirm androgen receptor expression in these cell types. No staining of androgen receptor was observed in normal lymph nodes.
As shown in Table 1 and Figure 1 , 24 of 30 (80%) samples of EMPD excised from both male and female patients expressed androgen receptor, whereas 2 of 17 in situ EMPD and 4 of 13 invasive EMPD carcinomas completely lacked androgen receptor expression. Four of six cases of lymph node metastasis also showed positive androgen receptor staining, and in three cases most of the tumor cells strongly expressed androgen receptor. Expression was predom- inantly nuclear in all positive cases and was frequently associated with weak diffuse cytoplasmic staining. No staining was observed in negative control specimens in which the primary antibody was replaced by normal mouse serum. Semi-quantitative scoring of androgen receptor content in immunostained sections was variable, ranging from 2 (minimum) to 7 (maximal), in both in situ and invasive tumors. There was no statistically significant difference in mean androgen receptor scores between in situ and invasive EMPD (mean Ϯ SEM, 3.7 Ϯ 0.5 and 2.8 Ϯ 0.7, respectively; p ϭ 0.31).
To confirm androgen receptor expression in tumor cells of EMPD, we carried out RT-PCR analysis using a primer pair spanning exon 1 through exon 3 of the androgen receptor gene. Since normal genital skin contains various cellular components that express androgen receptor (Blauer et al, 1991; Choudhry et al, 1992) , we examined expression of androgen receptor mRNA in lymph node samples. As shown in Figure 2 , LNCaP cell and 4 metastases that expressed androgen receptor protein showed androgen receptor transcripts with the expected size of 365 bp. The identity of the PCR product was confirmed by direct DNA sequencing (data not shown). In contrast, no amplification was detected in one metastasis (Case 28) that was completely negative by immunohistochemistry. Five cDNA samples isolated from normal lymph nodes did not yield amplified products.
To clarify whether the amplification of the androgen receptor gene was involved in the development of EMPD, dual-color fluorescence in situ hybridization (FISH) was performed in 4 in situ carcinomas that were intensely labeled with anti-androgen receptor antibody and in 10 advanced-stage tumors (5 primaries and 5 metastases) that variably expressed androgen receptor. In addition, three androgen receptornegative tumors (Cases 23 and 28) were also examined, to clarify whether the lack of expression was caused by the gene deletion. The procedure was successful in 13 specimens, whereas the remaining 4 specimens were not applicable because hybridization signals were completely absent even in the keratinocytes or lymphocytes that served as internal positive controls. In all 13 tumors in which hybridization was successful, most tumor cells showed hybridized signals. The tumor specimens excised from male patients showed one red signal of the androgen receptor gene locus, which was associated with one green centromeric signal, whereas two red and two green spots were respectively detected in tumor cells excised from female patients (Fig. 3) . Neither increase nor decrease in the numbers of red signals relative to green signals was observed in any tumor (Table 1) .
Finally, we studied the integrity of the androgen receptor gene in 10 tumors excised from 8 advancedstage cases of EMPD, because mutations of the androgen receptor gene may confer a growth advantage in prostate cancer (Gaddipati et al, 1994; Newmark et al, 1992; Taplin et al, 1995; Tilley et al, 1996) as well as in male breast cancer (Lobaccaro et al, 1993) . Exons 2 to 8 of the androgen receptor gene were directly sequenced. However, in none of the 10 DNA samples analyzed could a mutation be detected. Exon 1 of the androgen receptor gene was not examined because of its large size and infrequent mutations in prostate cancer (Gottlieb et al, 1998) .
Discussion
The hormone dependency of EMPD and possible indication of hormone therapy for the treatment of EMPD was first suggested by Nishi et al (1992) , who established a transplantable tumor, EMP-K1, in the nude mouse from skin metastasis of EMPD. The growth of the EMP-K1 tumor in castrated nude mice was stimulated by injections of testosterone, dihydrotestosterone, diethylstilbestrol, and 17␤-estradiol, indicating that this transplantable tumor line was hormone dependent. Furthermore, functional receptor assay showed that the EMP-K1 tumor line expressed androgen and estrogen, as well as progesterone receptors, although the affinity of hormone binding sites to androgen receptor was 23-fold and 6-fold greater than that of estrogen and progesterone receptors, respectively (Nishi et al, 1992) . However, immunohistochemical studies examining a number of EMPD tumors did not detect the expression of estrogen and progesterone receptors in Paget's cell of EMPD (Imakado et al, 1999; Lloveras et al, 1991; Swanson et al, 1991) . However, the present study showed that 80% of the 30 EMPD tumors variably expressed androgen receptor. The mRNA expression of the androgen receptor gene was also confirmed in four lymph node metastases by RT-PCR. Very recently, Diaz de Leon et al (2000) , by using immunohistochemical methods, also reported that 15 of 28 EMPD expressed androgen receptor, whereas all cases lacked detectable estrogen and progesterone receptors. These findings strongly suggest that androgen receptor, rather than estrogen and progesterone receptors, is the most important hormone receptor responsible for the development and growth of EMPD. The role of estrogen and progesterone via their respective receptors in EMPD, as demonstrated in EMP-K1 tumor (Nishi et al, 1992) , is unknown. Given the negative expression of these female hormone receptors in a number of EMPD tumors (Imakado et al, 1999; Lloveras et al, 1991; Swanson et al, 1991) , the EMP-K1 tumor may have been simply an exception. Alternatively, negative immunohistochemical results may reflect the much lower amount of these female hormone receptor proteins expressed in tumor cells compared with androgen receptor as was the case in the EMP-K1 tumor (Nishi et al, 1992) .
Nevertheless, 20% of EMPD cases in our series were devoid of androgen receptor expression as determined by immunohistochemistry. As shown in the results in Case 28 (Table 1) , absent expression of mRNA with a structurally normal androgen receptor gene (neither deletion nor mutation) suggests that loss of expression of androgen receptor is most likely due to transcriptional repression. Similarly, FISH analysis showing no deletion of androgen receptor gene locus in tumors that heterogeneously expressed androgen receptor (eg, Cases 19, 21, and 24) suggests that the transcriptional status of the androgen receptor gene in individual tumor cells was heterogeneous in a given tumor.
In prostate cancer, mutations of the androgen receptor gene leading to activation of androgen receptor by other steroids and paradoxically also by antiandrogens are not uncommon in recurrent tumors after androgen deprivation therapy (Gaddipati et al, 1994; Suzuki et al, 1993; Taplin et al, 1995) . Furthermore, androgen receptor gene mutations have also been found in localized or latent prostate cancer before hormonal therapy (Newmark et al, 1992; Takahashi et al, 1995; Tilley et al, 1996) , suggesting that mutant androgen receptor might provide a growth advantage even in the presence of a normal androgen level. Thus, we examined exons 2 to 8 encoding DNAand hormone-binding domains of the androgen receptor gene by direct sequencing in 10 advanced EMPD tumors. However, no mutations were found in any tumor, indicating that mutations of the androgen receptor gene, which could affect the structure of DNAand hormone-binding domains, do not contribute to the progressive growth of these EMPD tumors. There remains a possibility, however, that mutations in the transactivation domain of the androgen receptor might be involved in EMPD, because we did not examine exon 1, which encodes the transactivation domain consisting of over 500 amino acids, and because one study in prostate cancer reported rela- Interphase FISH analysis of primary tumor (Case 27) with probes for the androgen receptor (orange) gene and DXZ1 (green). One copy of both androgen receptor and DXZ1 is seen in most tumor cells, indicating no androgen receptor amplification.
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tively frequent alterations in this exon (Tilley et al, 1996) .
Amplification of the androgen receptor gene is another important mechanism of hormone independence and recurrence in prostate cancer after androgen deprivation therapy (Koivisto et al, 1997; Visakorpi et al, 1995) . Although this gene alteration was not detected in prostate cancer before hormone therapy (Koivisto et al, 1997) , we examined possible androgen receptor gene amplification in selected cases of EMPD by FISH. However, no amplification was detected in any tumor.
Although in situ or minimally invasive EMPD can be cured by conventional surgical management (Goldblum and Hart, 1997; Zollo and Zeitouni, 2000) , deeply invasive carcinoma behaves as a fully malignant adenocarcinoma that is resistant to chemotherapy (Coonley et al, 1985; Yamazaki et al, 1999) . No standard treatment protocol has been established for metastatic EMPD (Yamazaki et al, 1999) . However, the findings of the present study showing the expression of structurally normal androgen receptor in invasive primary tumors and lymph node metastasis of EMPD may provide a rational basis for hormone therapy for this rare skin cancer. For male patients, maximum androgen blockade therapy, which is widely used for advanced prostate cancer (Caubet et al, 1997) , would be a treatment of choice. Medroxyprogesterone acetate therapy, which is effective for androgen receptorpositive advanced breast cancer (Birrell et al, 1995) , might be considered for female patients. Future clinical trials are necessary to establish a hormone therapy as a standard treatment for advanced EMPD.
Materials and Methods

Patients and Tissue Samples
Surgical specimens were obtained from 30 patients with EMPD (23 men and 7 women). Seventeen patients had in situ carcinoma, and the remaining 13 patients had invasive carcinoma, eight of which were associated with distant and/or lymph node metastases. None of the cases were associated with underlying genitourinary or gastrointestinal malignancies. Paraffin-embedded tissue blocks of all 30 cutaneous lesions and 6 lymph node metastases were available. In addition, fresh frozen tumor samples were obtained from 8 patients, and these samples were used for RT-PCR and sequencing analyses.
Immunohistochemistry
Paraffin sections 4 m thick were cut from each block and mounted on silanized glass slides. Prior to staining, the deparaffinized sections were soaked in sodium citrate buffer (pH 6.0) preheated at 95°to 99°C for 10 minutes. Then the sections were reacted with antihuman androgen receptor monoclonal antibody AR441 (1:50) (DAKO, Carpinteria, California), which was raised against synthetic peptide corresponding to amino acids 229 -315 of the human androgen receptor, at 4°C overnight. Binding of the primary antibody was detected by sequential 30-minute incubations with biotinylated rabbit antimouse immunoglobulins and a streptavidin-biotin peroxidase complex (Histofine Kit; Nichirei, Tokyo, Japan). Reaction products were visualized with diaminobenzidine, and the sections were counterstained with methyl green. The specificity of the immunoreaction was verified by staining normal human axillar skin sections containing apocrine glands as a positive control and normal lymph node tissues as a negative control. The specificity of the antibody was also verified by replacing the primary antibody with normal mouse serum. To roughly measure quantitatively androgen receptor content, a score corresponding to the sum of the percentage of tumor cells stained (0, no staining; 1, less than 25%; 2, 26%-50%; 3, 51%-75%; 4, 76%-100%) and the staining intensity (0, absent; 1, weak; 2, moderate; 3, strong) was established (Chodak et al, 1992) . Scoring was carried out independently by two observers and a consensus reached when results were discrepant.
Isolation of RNA and RT-PCR
Total RNA was isolated from five frozen lymph node metastases of EMPD by the acid guanidinium thiocyanate procedure (Isogen; Nippon Gene, Tokyo, Japan), and first strand cDNA synthesis was performed using an RNA PCR Kit (Takara, Tokyo, Japan), as described previously (Hatta et al, 1998) . The quality of cDNA synthesis was monitored by PCR amplification using ␤-actin primers. cDNA from a prostate carcinoma cell line, LNCaP (Berns et al, 1986) , was also used as a positive control. Five cDNA samples from normal lymph nodes obtained from melanoma patients who underwent elective lymphadenectomy (Hatta et al, 1998) were also used as negative controls.
RT-PCR was carried out as previously described (Taplin et al, 1995) with some modifications. One microliter of cDNA was amplified with sense (5Ј-GCATGGTGAGCAGAGTGCCCTATC-3Ј) and antisense primers (5Ј-TCCCAGAGTCATCCCTGCTTCAT-3Ј), which corresponded to the sequences of exons 1 and 3, respectively. The PCR was performed in 50 l mixture consisting of 10 mM Tris-HCl (pH 8.3), 200 M of each dNTP, 50 mM KCl, 1.5 mM MgCl 2 , 50 ng of each oligonucleotide primer, and 1.25 units of AmpliTaq Gold DNA polymerase (Perkin Elmer, Branchburg, New Jersey). The PCR mixture was incubated in a thermal cycler at 95°C for 9 minutes for one cycle, at 94°C for 20 seconds, 55°C for 30 seconds, and 72°C for 1 minute for 40 cycles, and finally at 72°C for 10 minutes for one cycle. The amplified DNA samples were run on a 2.0% agarose gel, and bands were visualized with ethidium bromide.
DNA Sequencing
A total of 10 invasive primary tumors or lymph node metastases excised from 8 patients were examined for androgen receptor gene mutations by direct sequencing. Tumor tissue was isolated from 5 to 10 consecutive 6 m frozen tissue sections by microdissection, and genomic DNA was isolated according to standard methods by proteinase K digestion and phenol-chloroform extraction (Takata et al, 1997) . Exons 2 to 8 of the androgen receptor gene were amplified using primers and PCR conditions as described previously (Tilley et al, 1996) . Annealing temperatures for each exon were as follows: 60°C for exons 2, 7, and 8; 53°C for exons 3 and 4 -1; 58°C for exon 4 -2; 63°C for exon 5; and 55°C for exon 6. The PCR products were purified using DNA affinity spin columns (Wizard PCR Preps; Promega, Madison, Wisconsin) and directly sequenced by automated sequencing with fluorescently labeled dideoxy chainterminating nucleotides and Taq DNA polymerase using a Dye Terminator Cycle Sequencing Ready Reaction Kit (Perkin Elmer, Foster City, California). Either sense or antisense primer was used as a sequencing primer in each exon and whenever equivocal sequencing was also carried out in reverse direction.
Fluorescence In Situ Hybridization (FISH)
To detect amplification of the androgen receptor gene, FISH was performed on paraffin embedded tissue sections employing a sensitive dual color method which was used previously for detecting erbB-2 gene amplification in EMPD (Takata et al, 1999) . The sections adjacent to those used for immunostaining were mounted on glass slides and representative areas containing androgen receptor-expressing cells were selected for FISH analysis. Spectrum Orange LSI androgen receptor gene locus (Xq12) and Spectrum Green DXZ1 (Xp11.1-q11.1) probes were purchased from Vysis Inc. (Downers Grove, Illinois). Staining was carried out as described previously (Takata et al, 1999) . Briefly, deparaffinized sections were incubated in 20% sodium bisulfite/2X standard saline citrate (SSC) at 43°C for 20 minutes. After washing in 2X SSC, the tissues were digested with 25 ng/ml of proteinase K (Boehringer Mannheim, Mannheim, Germany) at 37°C for 30 minutes. After washing in 2X SCC and dehydration by passage through a graded ethanol series, the slides were dried and denatured with the probes on a hot plate at 69°C for 5 minutes and then hybridized overnight at 37°C. After washing in 0.4% SSC/0.3% NP-40 solution at 75°C for 2 minutes and then rinsing with 2X SCC/0.1% NP-40 solution at room temperature, the slides were counterstained with 4Ј6-diamidine 2Ј-phenylindole dihydrochloride (DAPI) in antifade solution (Oncor, Gaithersburg, Maryland) and examined with an epifluorescence microscope (Olympus, Tokyo, Japan) equipped with a triple band pass filter.
Statistical Analysis
Mean androgen receptor scores among the different stages of progression was determined by Student's t-test.
